Objective: To evaluate the histological changes induced in human skin by injection of autologous plateletrich fibrin matrix (PRFM).
S
INCE THE TIME OF PARÉ, MODern surgical care has relied on optimization of local tissue conditions to allow wounds to heal unimpeded. With an improved understanding of the effects of local growth factors, surgeons have begun to manipulate the wound environment to promote more rapid and effective healing. Isolated growth factors have been applied with some success topically (becaplermin for diabetic foot ulcers and palifermin for radiation induced mucositis), but platelet-rich plasma (PRP) has been promoted in the last decade as a more natural and more potent method of manipulating wound healing. However, the process can be time consuming and the results, equivocal. 1, 2 Platelet-rich fibrin matrix (PRFM) has been used successfully to promote healing of venous leg ulcers 3 and in orthopedic surgery 4, 5 and has been used clinically in facial plastic surgery since 2009. Several reports [6] [7] [8] [9] [10] have described adding PRFM to autologous fat prior to transfer to enhance fat survival. In vitro studies have shown that PRFM can enhance endothelial cell and fibroblast proliferation. One of us (A.P.S.) has reported on the use of PRFM for treatment of deep nasolabial folds (NLFs), 11 as well as in other scenarios in a clinical facial plastic surgery practice. 12, 13 However, the cellular effects of dermal and subdermal injection of PRFM are unclear. In a study evaluating intradermal and subdermal PRFM injection for the treatment of deep NLFs, clinical improvement could be seen as early as 1 week and was statistically significant 2 weeks after treatment. The histological basis for such a rapid clinically apparent change was not immediately evident. This study was de-signed to evaluate the dermal and subdermal histological changes induced by PRFM.
METHODS
Four healthy adult volunteers were included in the study. Ninemilliliter aliquots of peripheral blood from each subject were placed sterilely into 2 collection tubes (Selphyl; Aesthetic Factors, Wayne, New Jersey). Each tube was placed in a centrifuge for 6 minutes at 1100 rpm. The platelets were then resuspended in the supernatant plasma by gently inverting the tube 10 times, and the resulting mixture was transferred sterilely to a second tube containing a regulated amount of calcium chloride. This was mixed by gentle inversion, and then 0.5 mL of the mixture was injected into 4 distinct points (at least 15 mm apart from each other) intradermally and subdermally in the skin of each upper arm. At specified time points after treatment between 30 minutes and 10 weeks, 5-mm full-thickness skin biopsy specimens were taken from each injection site and the wounds closed with 3-0 chromic sutures.
Specimen were placed in formalin, sectioned, and stained with hematoxylin-eosin (HE) and trichrome stain (for examination of collagen deposition), periodic acid-Schiff stain (for mucopolysaccharide production) and adipophilin stain (for immunohistochemical evaluation of the presence of adipophilin).
This study was approved by the Institutional Review Board for Human Experimentation at The New York Eye and Ear Infirmary.
RESULTS
Clinically, there was little evidence of inflammation around the treatment sites at any time. The tumescence noted immediately after injection yielded to a palpable fullness of the area at the 1-week follow-up visit, which persisted throughout the duration of the study. At early time points, PRFM induced only a minimal to mild inflammatory response in the dermis, which resolved within 1 week.
Histologically, at 1 week, activated fibroblasts, new collagen deposition, and angiogenesis in the mid-to deep dermis was evident and were accompanied by focal areas of mild lymphocytic infiltrates (Figure 1 ). In addition, the fibrous septae between the subdermal fat became thickened and more cellular. Over time, the inflammatory infiltrates resolved, and dermal changes became more prominent and were accompanied by more obvious angiogenesis. By 3 weeks after injection, there were wide areas of neocollagenesis and angiogenesis (Figure 2 ). Also noted in the dermis was the presence of small, clear cells with eccentric nuclei that resembled adipocytes. Immunohistochemical staining for adipophilin confirmed that these new adipocytes were actively packaging lipid globules. In addition, the more superficial fat cells in the subcutis also were positive for adipophilin, also indicating an anabolic state, while mature adipocytes (including those deeper in the subcutis and thus further from the site of treatment) did not stain positively for adipophilin. At 10 weeks, the fibroblast response appeared less active and fairly quiescent, while new collagen and blood vessels were still evident in the dermis (Figure 3) . Adipocytes in the dermis and the subdermis were also present and were more uniform in size and stained strongly for adipophilin. No areas of dysplasia were noted in any specimen at any time.
COMMENT
Platelet preparations have been identified as a useful source of autologous growth factors, and many preparations and devices have been promoted for clinical use. However, these various systems differ greatly in their final product. The most commonly studied isolate is PRP, which can differ greatly between systems, chiefly in platelet concentration, red blood cell contamination, white blood cell content, volume, and method of platelet activation. These differences affect the timing of platelet growth factor release, the fibrin substrate on which healing occurs and the degree of associated inflammation. In a study comparing the effects of PRP to autologous blood clot on fibrovascular tissue ingrowth into porous polyethylene implants, 2 PRP was associated with less neutrophil and macrophage implant infiltration than autologous blood clot at 2 days and significantly more endothelial cells and fibroblasts at 7 days. However, by 14 days and thereafter, no significant cellular differences were noted between autologous blood clot and PRPtreated implants.
Platelet-rich plasma systems can generate a product with an elevated concentration of growth factors up to 80 to 180 times the normal value. However, the optimal concentration of growth factors has not been established; Kakudo et al 14 have described increased adiposederived stem cell (ADSC) counts and dermal fibroblast proliferation in vitro when grown in the presence of 5% PRP, with growth rates declining in the presence of higher concentrations. Oh et al 15 have shown that transfer of human fat into nude mice underwent less weight and less volume loss over a 10-week period when mixed with activated PRP in a 3.3:1 (fat to PRP) ratio and histologically was more vascularized and demonstrated less vacuolization and fibrosis than fat treated with saline. Clinical results with PRP have been equivocal, however, in promoting epithelialization of wounds. 3, 16 On the basis of in vitro results, Kakudo et al 14 have suggested that an essential factor overlooked by standard PRP applications is the need to release platelet growth factors at the appropriate concentrations, pointing out that not only is the effect of PRP concentration dependent, but also that transforming growth factor ␤, while acting as a mitogen for mesodermal derivatives such as fibroblasts, can inhibit cellular proliferation, especially of cells of ectodermal origin. An alternative solution has been to isolate platelets and use the plasma as more than a carrier vehicle. Platelet-poor plasma (PPP) has been shown to be mitogenic for mesenchymal and adipose derived stem cells and for adult osteocytes, fibroblasts, endothelial cells, and adipocytes. Kakudo et al 14 have shown that both PRP and PPP, when activated with calcium and thrombin, can induce proliferation in vitro of ADSCs and dermal fibroblasts. The effect of activated PPP potentially may be mediated by the effect of polymerized fibrin. Plateletrich fibrin matrix captures 60% to 90% of the platelets in a sample of whole blood and allows the platelets to be suspended in almost the entire volume of plasma. This suspension thus harnesses the positive effects of PPP as well as those of platelet-released growth factors. The activation of platelets with calcium chloride induces a more physiologic and more sustained growth factor release from platelets. 17 Anitua et al 17 investigated the effects of application of a plasma rich in growth factors, which is very similar to the PRFM used in our study, with few white blood cells and slightly concentrated platelets in plasma. These workers noted enhanced fibroblast proliferation and secretion of hyaluronic acid from fibroblasts when treated with plasma rich in growth factors and believed the reduction in leukocytes relative to whole blood and PRP reduced the proinflammatory effects of proteases and acid hydrolase released from white blood cells.
Cervelli and coworkers 10 demonstrated that treatment of ADSCs with PRFM increased cellular proliferation at 4, 6, and 8 days but did not increase intracytoplasmic lipid accumulation in these cells.
Platelet-rich fibrin matrix has been used in orthopedic, 18 vascular, 3 and oral and maxillofacial surgery 19 in a variety of applications. In each, PRFM has been shown to induce healing through a process of angiogenesis associated with tissue-appropriate cellular proliferation. Bone 4 as well as soft-tissue regeneration has been induced in both in vitro and in vivo studies. Refractory venous leg ulcers have been successfully treated with topical application of PRFM. 3 Clinical use in facial plastic surgery has also been described. [11] [12] [13] In vitro studies of PRFM have shown a platelet recovery of 60% to 90%, an average platelet lifespan of 7 days after PRFM formation and sustained release of plateletderived growth factor, vascular endothelial growth factor, insulinlike growth factor 1, and transforming growth factor ␤ for up to 7 days. 20, 21 Studies have shown that the media from cultures of PRFM increase proliferation of endothelial cells and fibroblasts as well as mesenchymal stem cells. 22 There have been several clinical reports of mixing PRFM with autologous fat to enhance the success of cosmetic autologous fat transfer as well as to treat chronic venous leg ulcers, [6] [7] [8] [9] [10] Schoeller et al 24 have shown enhanced survival of preadipocytes when coinjected with fibrin.
In a prospective clinical trial, 11 PRFM injected into the deep dermis or immediate subdermis produced clinically significant improvement in deep nasolabial folds within 14 days which was sustained throughout the 12 weeks of the study. Since that study, the use of PRFM has been expanded to other indications, including softtissue (dermal and subdermal) augmentation for rhytids, folds, depressions, and acne scar effacement and to accelerate wound healing after rhytidectomy, rhinoplasty and autologous fat transfer and around implants. 12, 13 The present study was initiated to better elucidate the mechanism of rapid and sustained volume enhancement after injection of PRFM.
Our early findings corresponded well with our clinical observations, with minimal inflammatory cellular reaction and significant fibroblasts activation and collagen production, correlating well with the lack of clinically apparent inflammation in the presence of visible improvement as early as 7 days after treatment. Angiogenesis was also apparent within the first few weeks of treatment, also in agreement with previous in vitro work. However, the presence of lipid-sequestering cells within the dermis was unexpected, and the association of these cells with activated fibroblasts suggested a common etiology. Immunohistochemical staining for adipophilin was highly positive in these cells at 19 days; adipophilin is a protein found very early in differentiating adipocytes, where it binds and packages cytosolic lipid droplets peripherally. 25 It would appear that the adipocytes noted within the dermis represent redifferentiation of existing activated fibroblasts, but less likely, they may be derived from mesenchymal stem cells. In addition, adipocytes in the superficial subcutis also stained positively for adipophilin, indicating an adipose anabolic state.
The process of fibroblast activation and collagen deposition became less prominent after approximately 6 weeks, although adipophilin staining was present throughout the 10 weeks of the study. Despite this, adipogenesis was also much less prominent by the end of the study period, as was angiogenesis. Throughout the course of the study, there was no evidence of granuloma formation, abscess formation, excessive scarring, epidermal hyperplasia or dysplasia.
CONCLUSIONS
In this study we have documented and described the histological changes induced by injections of PRFM into the skin. Platelet-rich fibrin matrix injection leads to development of new blood vessels, activation of fibroblasts with neocollagenesis and adipogenesis within the dermis, and induction of an anabolic state in subcuticular adipocytes. Interestingly, a substantial portion of patients treated clinically with PRFM describe their skin as "softer" after approximately 8 to 12 weeks. It is possible that this description is related to the development of small collections of adipocytes within the dermis. Our findings support the use of PRFM for dermal and subdermal softtissue augmentation in conjunction with surgery (with or without implants) and, in particular, as an adjunct to autologous fat transfer. Acceleration of angiogenesis would, in theory, lead to vascularization of a greater portion of the transplanted fat and yield greater fat retention. In addition, positive staining for adipophilin suggests that existing and induced adipocytes were stimulated into an anabolic state. This, in addition to promotion of rapid revascularization, may be a mechanism for enhancement of adipocyte survival after autologous fat grafting. We are currently investigating the optimal ratio of fat to PRFM in promoting this survival. Angiogenesis, collagen deposition, and adipogenesis appear to be the histologic basis of volume augmentation after PRFM injection in the face. 
Accepted for

